Four communities or sites dominated by blackbrush (Cokoflne rumosissima Torr.) were studied in the Kaiparowits Basin of southern Utah and northern Arizona. One site has been heavily grazed yearlong for about 100 years; the second has been lightly to moderately grazed in winter for 3 years; the third has had 10 years of recovery from heavy grazing; and the fourth is a relic, ungrazed blackbrush ecosystem. Soils were 87 to 99% sand and gravel with mean pH's 8.2 to 8.5. The relic site had significantly more herbaceous vegetation cover (composed primarily of perennial grasses) and total cover than all other sites. The relic site also had significantly more shrub and cryptogamic cover than the heavily grazed and recovery sites. The recovering site showed no significant differences than the heavily grazed site for any of the measured parameters.
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relic ungrazed community to assess what changes, if any, had been brought about by grazing.
Site Descriptions
Four sites were studied in the Kaiparowits Basin of southern Utah and northern Arizona. Three sites are within the Glen Canyon National Recreation Area, and one is on the Navajo Indian Reservation. The Navajo Indian Reservation site (NR) (1,420 m elev.) is 11 km east of the Glen Canyon Dam and 14 km south of Romana Mesa. This site has experienced yearlong, prolonged, heavy grazing by cattle, horses, sheep, and goats since the 1880's. The Ahlstrom Point site (AP) (1,415 m elev.) is 17 km northeast of the Glen Canyon Dam and 2.5 km northwest of Romana Mesa. This site had experienced little or no domestic ungulate grazing due to its lack of available water until 198 1 when a stock tank was constructed 2 km to the north. Since 1981 it has had light to moderate winter grazing by cattle. Gunsight Bench (GB) (1,200 m elev.) is 9 km northeast of the Glen Canyon Dam and 1 km south and directly below Romana Mesa. It was heavily grazed by cattle until 1974 when it was isolated from grazing by the formation of Lake Powell. Romana Mesa (RM) (1,450 m elev.) is a completely isolated relic area atop a mesa 16 km northeast of the Glen Canyon Dam. It is a pristine ecosystem that has probably never been grazed or browsed by any ungulate.
Precipitation has been measured at Page, Ariz., (elev. 1,320 m), located 4 km southwest of the Glen Canyon Dam, since 1957, and at the Wahweap Ranger Station (elev. 1,170 m), located 7 km north of the Glen Canyon Dam, since 1963. Calculations from the Climatological Data reports (NOAA 1957 (NOAA -1985 of the mean annual precipitation through 1985 were 162 mm for Page and 165 mm for Wahweap. The period from 1978 to 1983 showed a marked increase in annual precipitation, with a mean of 248 mm for both stations combined. The mean for the years 1957 to 1977 was only 133 mm.
Methods
Five, 100-m line transects, radiating from a central point in random directions, were generated within each site. Twenty soil samples, consisting of 3 composites each, were collected from each site for analysis. Two depths (O-5 and lo-15 cm) were sampled from under the shrub canopy and in the interspace on each transect. Particles > 2 mm were removed by sieving and weighed. Soil texture was analyzed by the Bouyoucos hydrometer method (Bouyoucos 1928). Soil pH was determined using a 1: 1 slurry and glass-rod pH meter and converted to hydrogen ion concentrations for statistical analysis.
The shrub species were measured every IO m along the transects by the point-quarter method (Cottam et al. 1953) . Measurements included height, crown diameter (widest point), width (perpendicular at widest point), and distance to the shrub center. The total density per hectare was determined by dividing 10,OOO(mz ha-') by the squared average distance (m) between shrubs. Canopy cover was then calculated by multiplying the total density per hectare by the mean canopy area of measured shrubs. Ten 0.5-m2 rectangular plots located randomly along each transect were used to estimate the cover of herbaceous species. Four 0.005-m2 plots were placed at the corners of the 0.5-mz plots to sample the cryptogamic vegetation. No tree species occurred on any of the 4 sites.
The 4 sites were surveyed during the summer of 1984 and the data reflect mainly perennial plant cover. Observance of spring annuals in 1985 indicated that the occurrence of annual herbaceous vegetation was very sparse. Nomenclature follows Lehr (1978) .
Statistical analysis was performed using the ANOVA procedure and the Tukey studentized range test of the Statistical Analysis System (SAS 1985).
Results
Mean particle size distribution of the soils ranged from 89.6 to 92.8% sand, 2.5 to 4.870 silt, 1.4 to 2.2% clay, and 1.9 to 5.0% gravel. Only 2 samples (n q 80) had less then 90% combined percent sand and gravel. There were some significant statistical differences in sand/ silt/ clay fractions between sites (X0.05), but the actual differences were so small that it is unknown whether they would be ecologically significant. There was no significant difference in soil texture within a site. The mean pH was 8.2 to 8.5 and ranged from 8.1 to 8.9. The pH was not significantly different within sites (X0.05) but the relict site (RM) had a significantly lower pH than the other sites. Again, it is not known if this difference is large enough to be ecologically significant.
The relic (RM) and lightly grazed (AP) sites had significantly more shrub cover than the other sites ( Table 1 ). The dominant shrub on all sites was blackbrush, comprising 82.5 to 94.5% of the shrub cover.
The relict site (RM) had significantly more herbaceous vegetation than all the other sites (Table I ), which were not significantly different from one another. The reduced cover of Indian ricegrass (Oryzopsis hymenoides (R. & S.) Ricker), a very palatable grass, was the primary reason for this difference. The cover of galleta grass (Hiluria jumesii (Torr.) Benth.), a grass tolerant to grazing, was not significantly different between sites, but as the total herbaceous vegetation cover decreased, the relative percent cover of this species increased. The relict (RM) and lightly grazed (AP) sites had significantly more cryptogamic cover then the other sites (Table I) , although the AP had only half as much as RM and was significant at the& 10 level. The decrease in cryptogams was mainly due to a loss of crust in the interspace, with the remaining cryqtogams being mosses and lichens located under the blackbrush canopy.
The relict site (RM) had significantly more total cover than all other sites, and the lightly grazed site (AP) had significantly more than the heavily grazed (NR) and recovery (GB) sites (Table 1) .
Discussion
The data indicate that even light grazing may reduce the cryptogamic cover in this system, and heavier grazing almost completely eliminates it. This agrees with the findings of Kleiner and Harper (1973, West and Skujins (1977) , Johansen et al. (1981) , Anderson et al. (1982) , and Rychert et al. (1982) . Highly disturbed areas that were subsequently protected from grazing were reported to be recovered by a cryptogamic crust in 14 to 18 years (Anderson et al. 1982 ), but Callison et al. (1985) found that the cryptogamic crust in a blackbrush community that was removed by fire had no recovery in 19 years. The recovering site (GB) has had virtually no recovery of cryptogams in 10 years despite 6 years of much greater than normal precipitation.
Herbaceous vegetation cover was greatly reduced on the grazed sites as compared to the relic site. There was also a change in the dominant grass, with Indian ricegrass being dominant on the relic site, and galleta grass on the others. Because the relic site is not accessible to wild ungulates, it is hard to assess how much of the difference between sites can be attributed to wild versus domestic animal grazing. The absence of Indian ricegrass on the recovering site (GB) is probably due to the very slow recovery of arid systems (Westoby 1980) , the probable continued grazing by the rabbit population, or a combination of both factors.
The shrub cover was less on the heavily grazed (NR) and recovering (GB) sites compared to the relic (RM) and lightly grazed (AP) sites. Again, it is hard to assess the difference that may be attributed to wild or domestic ungulates.
If we assume that the wild ungulates contribute little to the differences seen in the data, we can make the following conclusions. Cryptogamic cover is reduced by grazing, with severe damage being done by heavy grazing usage. It is possible that the development of cryptogamic crusts on sandy or gravelly soils that are characteristic of the blackbrush ecosystem is different from that on heavier textured soils, and recovery is a much more prolonged process. Cover of herbaceous vegetation is reduced by grazing, primarily due to the removal of the perennial grasses that are not grazing tolerant. Grasses that are grazing tolerant are able to maintain their presence in the system, but do not necessarily benefit from the reduction in cover of the other species. The shrub cover is reduced by heavy grazing. Blackbrush is able to tolerate heavy grazing and survive, but at much reduced cover. Recovery of all parameters is very slow in this system, perhaps due to edaphic factors related to the sandy soil, the lack of precipitation, and compounded by grazing of large and small wild animals.
The occurrence of blackbrush on Romana Mesa, an isolated area probably untouched by man or domestic livestock in its entire geologic history, supports one of the theories of West (1969) that it is a climax species. The data from Romana Mesa also support the observations that blackbrush naturally occurs in nearly monotypic stands (Provenza and Urness 1981) .
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